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The Ministry of the Environment Is responsible Cor a 
monitoring program for organic contaminants in drinking water. It 
la necessary to be able to detect and quantify accurately the 
levels of highly toxic classes of polychlor inated 
dibenxo-p-dioxlns (PCDD's) and chlorinated dibenxof urans (PCDF's) 
in the environment. However, these compounds are present in trace 
amounts so it is necessary to analyse large volumes of water. The 
water is currently sampled using traditional grab sampling 
techniques and preconcert t rated by the tedious process of 
liquid-liquid extraction. Public demand for more information on 
water quality has stretched the detection limits and sample 
handling capacity at the Laboratory Services Branch, Ministry of 
the Environment to the limits of the present technology. In order 
to fulfill future demands the Ministry of the Environment must 
lower the detection limit to 1.0 ppq while at the same time 
increasing sample load and maintaining high standards of Quality 
Assurance — Quality Control. 

One approach to solving this problem is to move the 
preconcentration step from the laboratory to the field. Attempts 
have been made to perform the extraction directly in the field 
with APEL technology. However, current work with the 
macroreticular resin Amberlite XAD-2 has shown that PCDD and 
PCDP preconcentration utilising such adaorbant materials is a 
reliable and compact alternative to liquid-liquid methodology 
(1). Resin columns can be prepared under laboratory conditions, 
sent to the field for sampling and then returned to the 
laboratory for elutlon and analysis. Automation of this process 
will standardixe sampling and thus increase sample reliability, 
and minimize supervision requirements during operation. This 
process will eliminate the problem of transporting water samples 
or the handling of large solvent volumes In the field as only the 
columns must be transported. The sampling and preconcentration 
steps are combined, minimising laboratory time and freeing 
technicians for other work. 

Preliminary work on this technique in conjunction with 
National Health and Welfare and the Ministry of the Environment 
was directed at optimisation of the XAD-2 resin technique. A 
semi -automated sampler functioned well for the preconcentration 
of treated water (2). However, MOE protocol requires sampling of 
both raw and treated waters. In raw water PCDO's and pcdf's in 
particular may be adsorbed on the inorganic or organic 
particulate. The XAD-2 resin in a colu.nn does not have the 
filtration capacity to remove particulate from the water and may 
not be able to compete with the particulate for adsorption of the 
organic contaminants. Therefore, an analytical filtration system 
was Introduced into the sampler. 
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Research Appro a ch 

This project was developed in three phases; design and 
manufacture of the sampler , testing of cartridge filtration 
feasibility, and field testing of the completed sampler. The first 
two parts were completed concurrently. The sampler was designed 
and manufacutred in conjunction with Carleton University Science 
and Technology Center. A schematic of the sampler is given in 
figure 1. The water flows into the sampler via an air lock that 
provides a physical separation between the water supply and the 
sampler. A diaphragm pump feeds the water at a fixed flow rate 
through the filter/column assembly to a digital flow sensor. The 
flow sensor provides the flow rate feedback to the pump to 
maintain a constant Input flow rate. The filters may partially 
block during the sampling process so to maintain constant flow, 
the input is designed to increase water pressure. An ypper 
pressure limit of 60 pslg is enforced by a pressure sensor. The 
pressure may be monitored visually by a pressure gauge. The flow 
rate may be monitored visually by a digital flow meter and a 
chart recorder provides a permanent record of sampling events. 
The filtered water passes through an activated charcoal filter 
before leaving the sampler. The entrance and exit to the sampler 
are each protected by a normally closed valve (NCV> which Is 
operated by a batch controller. The batch controller is the 
center of the electrical control system. It la electrically 
connected to the NCV's, flow sensor and pressure switch, measures 
the total sample volume in liters and controls the operation of 
the system. 




An optional spike assembly designed to improve QA-QC by 
dynamic spiking, will inject an analytical internal spike into 
the main water flow. A static mixer homogeneously mixes the spike 
and water sample. The spike assembly is connected to the batch 
controller by a microprocessor that will maintain a constant 
ratio between the main water flow and the spike injection. When 
not in use, the spike assembly is separated from the system by an 
NCV. 

After the static mixer, the water flow is divided into two 
identical streams for duplicate sampling. Two manually adjusted 
ball-valve flow meters equalize the water flow. The sampler 
components are secured within an aluminum frame. Removeable 
aluminum side panels are sealed to retain any water spill within 
the sampler. 

There are no cartridge filters commercially available that 
have been designed for analytical work. A market search for 
potential analytical cartridges was done. Suitable filters were 
extracted with toluene, dichloromethane or hexane to determine 
possible analytical interferences. The cartridges were also 
tested to determine their capacity for handling raw waters with 
high tucbldlty. The recovery of PCDD's from cartridge filters 
will also be tested. In the third phase, the performance of the 
sampler will be tested under field conditions. 

Main Findings to Date 

We have found that most available cartridge filters are 
unsuited for analytical work. We require a combination of a depth 
filter to handle the high particle content of raw water with a 
membrane filter for smaller particles in the 0.45 micron range. 
Sampler filters were tested by soxhlet extraction of the 
Individual materials with hexane, toluene, and dichloromethane. 
All polypropylene materials- reacted with hexane and toluene. 
Urethane endcaps and glue, used to seal endcaps to filter, 
reacted with ail solvents, especially dichloromethane. To date, 
the most suitable cartridge is a glass fiber depth filter 
combined with a cellulose aeetate membrane filter that la 
contained within a completely polypropylene support and is heat 
sealed to the filter. The most suitable extraction solvent is 
dichloromethane. The filter companies have been very cooperative 
and several have expressed an Interest In manufacturing a more 
suitable cartridge when needed. 

Preliminary spiking studies using a combined filter/column 
system show that most PCDD spike is located on the filters 
suggesting that these contaminants are either particulate-bound 
or directly adsorbed onto the filter. This is very useful 
information because it suggests that sampling for dioxin may be 
combined with sampling procedures for water-soluble pollutants. 
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Major Probl ems 

There have been three major problems to overcome within this 
study. The first was the limitations of the mechanical 
components. Most commercially available components were designed 
for industrial applications that require a larger capacity so 
that in this situation most of the components are operating at 
their lower limits. A metering pump capable of injecting 0.2-1.0 
ml, per minute of spike with digital feedback control was not 
commercially available and is being manufactured by the Science 
and Technology Center. All components must be made with stainless 
steel or teflon as any organic components may contaminate the 
analytical process. One major limitation of the sampler is the 
adaption to high turbidity raw water. In this sampler high 
precision instruments are necessary for analytical reliability, 
however, in many components raw water particulate interferes with 
this precision. 

The second problem was the Inability to find a suitable 
commercially available analytical cartridge filter and has been 
discussed earlier. The third problem was the need to find a 
standard raw water source to test the capacity of the filters for 
handling high turbidities. Natural sources vary with weather and 
season. We created an artificial raw water from standard clay and 
organic sources. This will allow us to compare the behaviour of 
different filter types at several turbidities without the 
variability of natural waters. 



Future Potential of Sampler 

The main thrust of this project was to des 
an automated sampler to a state of rell 
equivalent to analysis by grab sampling. This 
within the limitations of the commercially av 
filters. Further work on the design, optlmizatl 
of custom filters may be necessary to reach the 
the preconcentration system. Once the system p 
optimized for easy handling and reliable 
preconcentration method could be implemented on 
across the province. 

This sampler also has the potential to be 
environmental contaminants other than 
environmentally acceptable levels of many other 
contaminants have been set below the detection 
techniques. With the extensive column technology 
available this preconcentration system could 
many other analytical procedures. 
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